The construct of frailty has been associated with adverse outcomes among elderly individuals, but the prevalence and significance of frailty among patients with end-stage renal disease have not been established. The aim of the current study was to determine the prevalence and predictors of frailty among a cohort of incident dialysis patients and to determine the degree to which frailty was associated with death and hospitalization. We studied a cohort of 2275 adults who participated in the Dialysis Morbidity and Mortality Wave 2 study, of whom two-thirds met our definition of frailty: a composite construct that incorporated poor self-reported physical functioning, exhaustion/fatigue, low physical activity, and undernutrition. Multivariable logistic regression analysis suggested that older age, female sex, and hemodialysis (rather than peritoneal dialysis) were independently associated with frailty. Cox proportional hazards modeling indicated that frailty was independently associated with higher risk of death (adjusted hazard ratio [HR] 2.24, 95% confidence interval [CI] 1.60 -3.15) and with the combined outcome of death or hospitalization (adjusted HR 1.63, 95% CI 1.41-1.87). Frailty is extremely common and is associated with adverse outcomes among incident dialysis patients. Given its prevalence and consequences, increased research efforts should focus on interventions aimed to prevent or attenuate frailty in the dialysis population.
by patient report using standard instruments such as the Medical Outcomes Study Short-Form 36-Item Questionnaire (SF-36). 8, 9 These investigators applied their modified definition of frailty to participants in the Women's Health Initiative Observational Study and found that frailty was associated with poor outcomes, including death, hip fracture, reduced capacity to complete activities of daily living, and hospitalization, even after adjustment for demographic characteristics, health behaviors, other disability, and comorbid conditions. 7 Two studies 10, 11 reported a high prevalence of frailty among elderly individuals with mild to moderate CKD; however, the frailty construct has not previously been applied to the ESRD population. Incorporation of the geriatric construct of frailty into the dialysis care setting has the potential to improve the identification of patients who are at risk for adverse, frailtyassociated outcomes and might benefit from interventions designed to improve functioning or prevent decline; therefore, we undertook analyses using data from the US Renal Data System (USRDS) to establish the prevalence and predictors of frailty among incident dialysis patients and to determine the degree to which frailty was associated with death and hospitalization.
RESULTS
Of the 3931 patients enrolled in the Dialysis Morbidity and Mortality Study (DMMS) Wave 2, 2393 completed the Patient Questionnaire, making it possible to determine whether they were frail. Of these, 75 had missing survival data and 43 were younger than 18 yr; 2275 patients were included in the analytic cohort. Table 1 shows the baseline characteristics for those with and without data related to frailty. Those with available data were slightly younger; had a slightly higher serum albumin concentration; were more likely to be white, to be married, to have completed high school, and to be employed; and were less likely to have a history of stroke or to have Medicaid coverage.
Prevalence and Predictors of Frailty
Overall, two thirds of the study population met the study definition of frailty ( Table 2 ). Although older age was clearly related to frailty, a significant proportion of patients in the younger age groups were also frail, including 44% of patients who were younger than 40 yr and more than half of patients who were aged 40 to 50 yr. Women were more likely than men to be frail in all age categories. Table 3 shows the results of multivariable analysis of the predictors of frailty. Frailty was more common among patients with comorbid conditions, although the associations reached statistical significance only for diabetes, stroke, and lower serum albumin concentrations. Patients who were on hemodialysis were more likely to be frail than those who were on peritoneal dialysis. Early nephrology referral and predialysis erythropoietin use were not associated with frailty (data not shown), but, among hemodialysis patients, those with a permanent vascular access (fistula or graft) were less likely to be frail (hazard ratio [HR] 0.71; 95% confidence interval [CI] 0.51 to 0.98). These results suggest that frailty is associated with lack of permanent vascular access independent of time of nephrology referral. On univariate analysis, frail patients were more than three times as likely to die within 1 yr (HR 3.42; 95% CI 2.45 to 4.76; Figure 1 ). After adjustment for age, gender, race or ethnicity, body size, dialysis modality, comorbidities, serum albumin, and other factors, frailty remained strongly associated with mortality (adjusted HR 2.24; 95% CI 1.60 to 3.15; Table 4 ). Frail patients were also more likely to be hospitalized for any reason or die (HR 1.90; 95% CI 1.67 to 2.17; Figure 2 ), a finding that persisted after adjustment for multiple potential risk factors for hospitalization (adjusted HR 1.56; 95% CI 1.36 to 1.79). When the analysis was repeated including only nonvascular access-related hospitalizations, the results were similar (adjusted HR 1.98; 95% CI 1.41 to 1.87). These results were not materially different when limited to patients who were older than 65 yr (n ϭ 915; data not shown). It is interesting that frailty was similarly hazardous regardless of age, gender, or race (interaction terms P Ͼ 0.20 for all variables and all analyses).
When the components of frailty were examined individually, each was found to be associated with mortality after adjustment for other predictors (Table 5) . When the components all were included in the same model, Physical Functioning (PF) score Ͻ75, inactivity, and categorization as undernourished remained independently associated with mortality, whereas vitality score Ͻ55 did not reach statistical significance (Table 5) . On the basis of these results, a modified frailty score was created with one point assigned to each of PF Ͻ75, inactivity, and undernourished status. This score was associated with mortality and provided better discriminative power than the simpler frailty definition derived from data of Woods et al. 7 (HR 1.87; 95% CI 1.59 to 2.20 per one-point increase; Figure 3 ). Similar analyses for non-vascular access-related hospitalization are presented in Table 5 and show that each of the components of the frailty phenotype is independently associated with hospitalization to a similar degree.
DISCUSSION
This study showed that an extremely high proportion of incident patients with ESRD met a definition of frailty similar to definitions established in community-dwelling elderly popu- lations. 6, 7, 12 To put these data into perspective, the original CHS cohort, from which the Fried definition of frailty was developed, consisted of Ͼ5000 men and women who were Ն65 yr of age, 6.9% of whom were frail at baseline. More than 40,000 women between the ages of 65 and 79 were included in the Women's Health Initiative (WHI) cohort, which was used to establish the questionnaire-based frailty definition that was approximated in this study. 7 In that cohort, 16.3% of participants were classified as frail at baseline. Although the DMMS cohort had a mean age Ͻ60 yr, there was a higher prevalence of frailty than previously described among community-dwelling elderly individuals. Furthermore, our results are likely to be an underestimation of the prevalence of frailty in an unselected incident dialysis population because the Wave 2 cohort oversampled peritoneal dialysis patients and the subset of Wave 2 patients with complete data to allow assessment of frailty was somewhat healthier than the overall Wave 2 cohort ( Table 1) . As in elderly community-based cohorts, frailty was found to be predictive of poor outcomes among patients with ESRD. These results are unique in that the population under study was an incident dialysis cohort that was not exclusively elderly. Furthermore, the lack of an interaction between age and frailty suggests that frailty or its components are relevant among younger and older dialysis patients.
Because this was the first study to examine the frailty construct among patients with ESRD, we were faced with the challenge of translating and validating criteria developed in otherwise healthy elderly populations to a population whose health is adversely affected by organ failure across a broader spectrum of age. We believe that the high proportion of frailty among young and middleaged individuals with ESRD is especially noteworthy. Indeed, proposed mediators of accelerated decline in functioning, such as inflammation, oxidative stress, and endocrinopathies (e.g., growth hormone and testosterone deficiency), are common and often severe in ESRD, [13] [14] [15] prompting some to propose ESRD as a model for accelerated aging.
Our results are consistent with the current understanding of the biologic underpinnings of frailty as a complex and cumulative expression of altered homeostatic responses to multiple stresses. 5 Such stresses could include chronic disease, aging, and an altered metabolic balance, manifested by cytokine overexpression and/or hormonal decline. The high proportion of frail patients in this cohort compared with those without kidney disease suggests that ESRD as a chronic disease may be a major contributor to the development of frailty such that it can occur in patients who are younger than those who typically are expected to be frail; however, aging also seems to be an independent contributor because the prevalence of frailty was associated with older age within the DMMS Wave 2 cohort.
The application of a frailty phenotype in this population allowed us to compare the prevalence and significance of frailty with that of several elderly cohorts in the literature. in this cohort, however, the individual components of frailty were independently associated with outcomes; therefore, a count of the number of these factors seems to provide a more nuanced assessment of risk for mortality and hospitalization than a single indicator of frailty. The information needed to determine patients' degree of frailty can be gathered relatively easily, making frailty assessment potentially useful in clinical practice.
This study has several strengths. Wave 2 of the DMMS was a nationally representative incident cohort, except for over- CLINICAL EPIDEMIOLOGY www.jasn.org sampling of peritoneal dialysis patients to allow for comparisons between modalities. Comorbid conditions and laboratory data were assessed by qualified personnel after review of medical charts. The associations among frailty, mortality, and hospitalization were determined using multivariable methods to adjust for confounding.
The study also has several important limitations. First, it would have been interesting to evaluate frailty longitudinally in dialysis patients so that the cumulative effects of dialysis therapy on frailty could be explored. Second, blood samples were not taken in the DMMS Wave 2 study. It would have been informative to explore associations among frailty, inflammation, oxidative stress, and endocrinopathy. Third, the analysis was limited by data available in the DMMS Wave 2 questionnaires. In particular, the physical activity question and the assessment of undernourishment were crude measures. It is possible that more precise measures of these or measurement of actual physical performance would permit the development of a definition of frailty with better discriminative power than that developed with the current tools. Finally, the DMMS Wave 2 cohort seemed to be slightly younger and healthier than the general ESRD population (owing in part to the intended oversampling of home peritoneal dialysis patients), and patients who completed the Kidney Disease Quality of Life (KDQOL) seemed to be slightly healthier than the overall DMMS Wave 2 cohort; therefore, the prevalence of frailty in ESRD was probably underestimated, and the consequences may be even more severe than we have suggested here.
Using the USRDS DMMS Wave 2 cohort, we describe an exceptionally high prevalence of frailty in the ESRD population. Frailty and its components were strongly associated with mortality and hospitalization, even after adjustment for wellestablished risk factors across multiple domains. To date, the care of patients with ESRD has focused on the dosage of dialysis (defined by Kt/V urea ), management of anemia with erythropoietic stimulating proteins and intravenous iron, and management of CKD mineral bone disorder with phosphate binders and vitamin D derivatives. Interventions aimed at delaying functional decline and/or preventing disability have not been at the forefront of dialysis care. Identification of frailty early in the course of ESRD could lead to earlier or more intensive interventions to slow functional decline, which might reduce the need for hospitalization and reduce the risk for death among dialysis patients. Although we should not ignore dialysis dosage or the other laboratory parameters in ESRD, until we are able to delay or prevent pervasive functional decline, we cannot consider that we have delivered "adequate" dialysis.
CONCISE METHODS

Study Design
We used the USRDS DMMS Wave 2 to evaluate the cross-sectional prevalence of frailty and association of patient characteristics with frailty as well as to determine the association of frailty with mortality and hospitalization. The DMMS Wave 2 was a prospective study of 3931 incident dialysis patients who started dialysis therapy in 1996 or early 1997. 16 Wave 2 included approximately equal numbers of peritoneal dialysis and hemodialysis patients. Questionnaires about patients' baseline demographic characteristics, comorbid conditions, and laboratory data were completed by dialysis unit personnel, and responses were based on information from the patient's medical chart. A determination of nutritional status (undernourished or not) was made by the medical chart abstractor. Patients completed a ques- tionnaire pertaining to quality of life, pre-ESRD care, modality choice, and rehabilitation at approximately 60 d after dialysis start. The Wave 2 patient questionnaire incorporated items from the KDQOL instrument, 17 including 36 items known as the RAND-36 that are identical to items in the SF-36. In addition to KDQOL items, participation in physical activity was assessed by a single question that asked participants to report how often they exercised (did physical activity in their leisure time). 18 Wave 2 data were linked to the Patient Profile and Hospitalization files to ascertain time to death or first hospitalization within 1 yr of study start.
Definition of Frailty
A phenotype of frailty was established using criteria similar or identical to the modification by Woods et al. of Fried's criteria for frailty (Table 6) 7 Specifically, a score of Ͻ75 on the PF scale of the SF-36 was used as a marker of weakness and slowness, whereas a score of Ͻ55 on the vitality scale of the SF-36 was used to define poor endurance or exhaustion. Similar to Woods et al., available physical activity data were substituted for the exact instrument originally used in the Fried criteria. In the DMMS Wave 2, patients who reported that they "almost never or never" exercised were Table 6 . Definitions of frailty in the CHS, 6 the WHI, 7 
Predictor Variables
To determine which variables were associated with frailty, we identified a set of factors a priori that we suspected might be associated with frailty and for which data were available in the DMMS Wave 2. These included such demographic factors as age, gender, and race; such comorbidity data as cigarette smoking (ever versus never smoked), diabetes, peripheral vascular disease, cardiac disease, cerebrovascular disease, and cancer; serum albumin concentration; body mass index; dialysis modality (peritoneal dialysis versus hemodialysis); level of education; and whether the patient had Medicaid coverage at dialysis start (as a surrogate for socioeconomic status). In addition, we evaluated the association between patients' preparedness to start dialysis and frailty, using early referral to a nephrologist, use of erythropoietin before dialysis, and use of a permanent vascular access among hemodialysis patients as indicators of better preparation.
Body mass index was calculated as weight in kilograms divided by height in meters squared and was divided into the following categories: Ͻ19, 19 to Ͻ25, 25 to Ͻ30, and Ն30 kg/m 2 . These categories were chosen to conform to World Health Organization classifications of underweight, normal weight, overweight, and obese. 19 Albumin was entered into the models as a categorical variable using quartiles of serum albumin (Ͻ3.2, 3.2 to Ͻ3.5, 3.5 to Ͻ3.9, and Ն3.9 g/dl). Missing values (n ϭ 196 [8%]) were imputed using multivariable linear regression.
Outcome Variables
Date of death was obtained from the Patients Standard Analysis File of the USRDS. Date of first hospitalization and first non-vascular access-related hospitalization after study entry were obtained from the DMMS Hospitalization Standard Analysis File. For determination of the date of first non-vascular access-related hospitalization, hospitalizations in which the primary diagnosis contained the following International Classification of Diseases, Ninth Revision codes were excluded: 996.1, 996.62, 996.74, 996.5, 996.7, or 996.73. The primary outcome variables were (1) time to death and (2) time to first all-cause hospitalization or death or time to first non-vascular access-related hospitalization or death up to 1 yr after study enrollment.
Statistical Analyses
Baseline characteristics for patients in the Wave 2 study with and without frailty data were compared by unpaired t test (continuous variables) and 2 analysis (categorical variables). Multivariable logistic regression analysis was used to determine which patient characteristics were associated with frailty at baseline. Survival analysis was conducted using a Cox proportional hazards regression model. Models were adjusted for the same set of predictor variables as already described. For determination of whether the effects of frailty varied according to patient age, gender, or race, interaction terms were added to each model. As a sensitivity analysis, hospitalization-related analyses restricted to patients who were Ն65 yr of age were also performed because of the possibility that some hospitalizations among younger patients might not have been captured by Medicare claims. For assessment of the relative contributions of the components of the frailty phenotype and whether the components were independently associated with outcomes, multivariable models of the association of the individual components of frailty with mortality and hospitalization or death were also constructed, along with models containing all of the components together. Two-tailed P Ͻ 0.05 was considered statistically significant. All analyses were completed using SAS 9.1 (SAS Institute, Cary, NC).
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